The effect of extracellular Ca2+ and related ions on the cardiac action of milrinone.
The biphasic single dose, dose-response curve of milrinone was sensitive to [Ca2+]0. At concentrations of 1.8 nM Ca2+ or less this biphasic response is observed but at [Ca2+]0 of 4.5 mM or more the dose response curve becomes monotonic. The inotropic response to milrinone in contrast to norepinephrine is highly sensitive to the extracellular [Ca2+]0. At low [Ca2+]0 of 0.15 mM milrinone could produce a negative inotropic effect. The positive inotropic effect of milrinone was proportional to [Ca2+]0 up to 2.7 mM. With [Ca2+]0 above 3.6 mM and low [Na+]0, the inotropic response to milrinone was reduced. These effects were due to increased [Ca2+]i and not due to the increase in contractile force produced by Ca2+. The positive inotropic effect of milrinone in contrast to norepinephrine is increased with an increase in [K+]0 possibly due to the depolarization produced by K+. The positive inotropic response to 10 micrograms of milrinone when [Ka+]0 = 4 mM was not significantly changed by Ca2+ channel blocking agents. In depolarized tissue (20 mM K+) the electropharmacological and contractile effects of milrinone are blocked by verapamil and ruthenium red. This suggests that under these conditions different mechanisms of Ca2+ channel activation are operative. Substitution of Sr2+ for Ca2+ increased contractile force and prolonged time to peak tension and relaxation time. Milrinone decreased time to peak tension but had no detectable effect on relaxation time. The results are discussed and it is suggested that milrinone acts on Ca2+ channels in the sarcolemma and intracellularly by increasing cyclic AMP which activates Ca2+ release and uptake from the sarcoplasmic reticulum.